We hypothesized that photosynthesis and growth of tropical vegetation at its most northern distribution in Asia (Xishuangbanna, SW China) is adversely affected by seasonal drought and chilling temperatures. To test this hypothesis, we measured photosynthetic and growth characteristics of Zizyphus attopensis Pierre seedlings grown in three contrasting forest microhabitats: the understory, a small gap and a large gap. Photosynthetic capacity (light-saturated photosynthetic rate (A max ), maximum rate of carboxylation and electron transport rate) and partitioning of leaf nitrogen (N) into carboxylation and electron transport differed significantly among seasons and microhabitats. Specific leaf area (SLA) did not change seasonally, but differed significantly among microhabitats and showed a negative linear relationship with daily integrated photon flux (PPF i ). In contrast, leaf N concentration per unit area (N a ) changed seasonally but did not differ among microhabitats. Measurements of maximum PSII photochemical efficiency (F v /F m ) indicated that chronic photoinhibition did not occur in seedlings in any of the microhabitats during the study. Photosynthetic capacity was greatest in the wet season and lowest in the cool season. During the cool and dry seasons, the reduction in A max was greater in seedlings grown in the large gap than in in the understory and the small gap. Close logarithmic relationships were detected between PPF i , leaf N a and photosynthetic capacity. Stem mass ratio decreased, and root mass ratio increased, in the dry season. We conclude that seasonal acclimation in growth and photosynthesis of the seedlings was associated with changes in biochemical features (particularly N a and partitioning of total leaf N between the different photosynthetic pools) and biomass allocation, rather than with changes in leaf morphological features (such as SLA). Local irradiance is the main factor driving seasonal variations in growth and photosynthesis in the study area, where the presence of heavy fog during the cool and dry seasons limits irradiance, but supplies water to the soil surface layers.
Introduction
Plants acclimate to changes in their light environment at several levels. At the cellular level, nitrogen (N) is reallocated among the various photosynthetic pools (Boardman 1977, Pons and Westbeek 2004) . Nitrogen partitioning within leaves alters in response to changes in irradiance in a way that tends to maximize photosynthesis, with more N being allocated to Rubisco under high-light conditions and more N allocated to chlorophyll under low-light conditions (Hikosaka and Terashima 1995 , Niinemets et al. 1998 , Evans and Poorter 2001 . At the leaf level, leaf area per unit biomass invested in leaves (specific leaf area, SLA) is modulated by alterations in leaf anatomy and physiology (Hanba et al. 2002) . At the whole-plant level, the proportions of biomass invested in leaves, stems and roots may be altered (Givnish 1988 , Popma and Bongers 1991 , Paz 2003 . Plants growing in low-light conditions tend to develop large leaves as one of a range of adaptive responses that optimize the absorption of light and photosynthetic efficiency (Boardman 1977 , Pearcy and Sims 1994 , Cai et al. 2005 . As a consequence of such adaptations, many shade-tolerant seedlings have higher light-saturated photosynthetic rates at low irradiances than at high irradiances (Mitchell and Arnott 1995) . The mechanisms by which plants adapt to different light environments at the leaf and whole-plant levels have been investigated in many studies (Givnish 1988 , Pearcy and Sims 1994 , Warren and Adams 2001 , Le Roux et al. 2001 . However, plants exposed to high irradiances in natural conditions tend to be subjected to stresses resulting from other environmental factors such as high temperatures or drought, and the adaptive responses to light may be modified or constrained by such factors (Niinemets and Valladares 2004 , Muller et al. 2005 , Mittler 2006 , Misson et al. 2006 . Understanding the effects of multiple environmental factors on light acclimation mechanisms is therefore critical when assessing the significance of a particular response.
Under natural conditions, photosynthesis is biochemically regulated to maintain a balance between the rates of its component processes and the concentrations of metabolites (Geiger and Servaites 1994 , Niinemets and Valladares 2004 , Misson et al. 2006 , and it is affected by continuously changing environmental variables, such as light, water availability and temperature (Muller et al. 2005 , Mittler 2006 ). These spatial and temporal variations in environmental conditions require constant adjustment of the primary (light reaction) and secondary (Calvin cycle) photosynthetic processes if plants are to succeed in a variable habitat. For example, plants growing in high-light conditions often experience imbalances between energy absorption (and subsequent conversion through electron transport) and photosynthetic light utilization by carbon fixation because they cannot utilize all of the absorbed light in photosynthesis. At extremes of temperature or under drought conditions, or both, this potentially harmful imbalance is exacerbated because electron transport and the reactions of the Calvin cycle are more strongly inhibited (Demming-Adams and Adams 1992). Hence, plants have to adjust their photosynthetic apparatus rapidly to protect PSII components from excessive excitation and potential photoinhibitory damage. Photoinhibition, resulting from prolonged exposure to light in excess of that used by the plant, reduces quantum yields and would therefore be expected to reduce overall plant growth (Long et al. 1994 ). However, it is unclear whether this is the case in all environments, because the costs of repairing damage are not always higher than the costs of photoinhibitionavoidance mechanisms. Moreover, plant performance depends not only on acclimation at the leaf level, but on the morphology, geometry and dynamics of the plant canopy (Givnish 1988 , Pearcy and Sims 1994 , Niinemets et al. 1998 . For example, understory plants have morphologies that are characterized by high SLA, high leaf area ratios and high leaf mass ratios (Popma and Bongers 1991, Osunkoya et al. 1993) . Such traits confer advantages in light-limited environments because they enhance light interception, but they may be detrimental during the dry season because they lead to a limited capacity for water uptake (owing to a low root mass ratio) and increases in water loss via transpiration (Givnish 1988, Pearcy and Sims 1994) . Xishuangbanna in SW China, which is biogeographically located in the transitional zone between tropical Southeast Asia and subtropical East Asia, has a rich tropical flora and typical tropical rain forests in the lowland area Zhang 1997, Cao et al. 2006 ). The region contains over 5000 species of vascular plants, comprising 16% of China's total plant diversity, and its biodiversity is important both nationally and globally (Cao and Zhang 1997 , Myers et al. 2000 . It has been hypothesized that the tropical vegetation in this transitional zone is highly susceptible to seasonal drought and chilling because it is growing far from the Equator and at a relatively high altitude (Cao and Zhang 1997 ). However, little is known about plant morphological and physiological responses to seasonal changes in this region. This study provides the first investigation of photosynthetic adaptation and growth responses in seedlings of one local species (Zizyphus attopensis Pierre) in three contrasting natural forest microhabitats: the understory, a small gap and a large gap. The main objectives were to: (1) determine the morphological and physiological responses to seasonal climatic changes in Z. attopensis seedlings and the differences in response among seedlings grown in different microhabitats; and (2) identify the main environmental factors affecting leaf physiology in this region.
Materials and methods

Study site and plant materials
The study was carried out in the seasonal rain forest in Xishuangbanna Tropical Botanical Garden (21°04′ Ν, 101°25′ E, 570 m a.s.l.), Chinese Academy of Sciences, Yunnan, SW China. The climate of Xishuangbanna is dominated by the southwest monsoon with three distinct seasons (a wet season from May to October, a cool season from November to January and a dry season from February to April; Cao et al. 2006) , with heavy fog partially compensating for the shortage of rainfall during the dry and cool seasons (Liu et al. 2004) . Mean annual temperature is 22.9°C and mean precipitation is 1500 mm. Because of its unique geographical location and climate, this area supports a tropical rain forest with a small proportion of deciduous tree species Zhang 1997, Zhu et al. 2006) . Meteorological conditions in the study area during the experimental period are summarized in Figure 1 .
Zizyphus attopensis (Rhamnaceae) is a large, evergreen, late-successional liana. It grows on the forest floor while young but may reach the canopy of the forest. Field observations suggest that this species is shade tolerant but requires a fair amount of light and growing space during early stages. Seeds (mean seed dry mass = 1.69 g) were collected and sown in situ in three microhabitats: shaded understory, a small gap (2.5-m-radius) and a large gap (6-m-radius). The forest around the gaps was about 20 m tall, with emergent individuals exceeding this height. The canopy is dominated by a diverse assemblage of climax tree species and has a high abundance of lianas. The Z. attopensis seedlings were free-standing during the period of study. To characterize light availability in the microsites, photosynthetic photon flux (PPF) was measured 828 CAI, CHEN AND BONGERS TREE PHYSIOLOGY VOLUME 27, 2007 on clear days in each season with an LI-190 SB quantum sensor (Li-Cor Lincoln, NE) positioned 10 cm above the ground in the center of each microsite. All sensors were connected to two Li-Cor LI-1400 data loggers. The daily course of PPF (µmol m -2 s -1 ) was recorded, and daily integrated PPF (PPF i ) was calculated.
Chlorophyll a fluorescence and gas exchange measurements
Diurnal courses of chlorophyll a fluorescence in leaves of four seedlings growing in each microhabitat were measured in situ with a portable fluorescence system (FMS-2.02, Hansatech, King's Lynn, U.K.) after 15 min of dark adaptation. One leaf was measured per plant. Minimum and maximum darkadapted fluorescence values (F o , F m , respectively) were obtained and F v /F m was used as a measurement of the maximum photochemical efficiency of PSII (Maxwell and Johnson 2000) . Gas exchange measurements were made between 0900 and 1100 h with a portable infrared gas analyzer in open system mode (LI-6400, Li-Cor) in October 2004 (wet season), January 2005 (cool season) and March 2005 (dry season). Three plants per microsite were selected for photosynthetic measurements in each season; one leaf per plant was measured. Photosynthetic light-response curves (A-PPF) were determined at irradiances between 1500 and 0 µmol m -2 s -1 with a built-in LED-B light source in 9-12 PPF steps, depending on the season (see Figure 4 ). During measurements, the CO 2 concentration (C a ) and vapor pressure deficit (VPD) in the cuvette were held at 400 µmol mol -1 and less than 1 kPa, respectively. The same samples were used to measure the response curves of photosynthesis to intercellular CO 2 concentration (C i ) (A-C i ) under saturating irradiance obtained from the A-PPF curves and different CO 2 partial pressures (C a = 20, 50, 100, 200, 400, 600, 800, 1000 µmol mol -1 ) in the air passing over the leaf chamber. During A-PPF and A-C i measurements, leaf temperature was kept at the seasonal means of 25°C in October 2004, and at 15 and 20°C in January and March 2005, respectively. Photosynthetic parameters (light-saturated photosynthetic rate (A max ), dark respiration rate (R d ), light saturation point (LSP), light compensation point (LCP) and apparent quantum efficiency (AQE)) were calculated from the A-PPF curves, and maximum rates of carboxylation (V cmax ) and electron transport (J max ) were estimated from the A-C i curve with Photosyn Assistant (Dundee Scientific, Dundee, Scotland). After photosynthetic measurements, leaves were harvested, dried at 70°C for 48 h and weighed. Total leaf N was measured on dry samples by semi-micro Kjeldahl by a wet digestion procedure.
Estimation of relative allocation of nitrogen to carboxylation and bioenergetics
Based on in vitro Rubisco kinetics and the assumptions that all Rubisco was fully activated and CO 2 transfer conductance was infinite, the model proposed by Niinemets and Tenhunen (1997) was used to estimate the relative allocation of leaf N to Rubisco (P c ; g N in Rubisco g -1 total leaf N) and to bioener-getics (P b ; g N in cytochrome f, ferredoxin NADP reductase, and coupling factor g -1 total leaf N) from values of N concentration per unit area (N a ) and V cmax or J max , respectively:
where V cr is specific activity of Rubisco (µmol CO 2 g -1 Rubisco s -1 ), J mc is the potential rate of photosynthetic electron transport per unit cytochrome f (mol emol -1 cyt f s -1 ), 6.25 (g Rubisco g -1 N in Rubisco) converts N content to protein content, and 8.06 is µmol cyt f g -1 N in bioenergetics, assuming a constant 1:1:1.2 molar ratio for cyt f:ferredoxine NADP reductase:coupling factor (Niinemets and Tenhunen 1997) . Temperature-dependent reference values were modified from the models for V cr and J mc , respectively (for details, see Appendix A in Niinemets and Tenhunen 1997) . We used values of V cr = 20.2, 12.26 and 7.26 µmol CO 2 (g Rubisco) -1 s -1 and J mc = 156, 132.2 and 111.3 mol e -(mol cyt f) -1 s -1 at 25, 20 and 15 °C, respectively.
Whole-plant growth
To assess whole-plant acclimation responses, seedlings of Z. attopensis grown in the three microhabitats were excavated with a shovel, with their root systems intact, on four occasions (October 20, 2004, and January 25, March 25 and September 15, 2005) . On each occasion, four to six plants were harvested and washed free of soil particles with tap water. The plants were separated into roots, stems and leaves. Leaf area was determined with a leaf area meter (Li-Cor-3000A). All samples were dried at 70°C to constant mass. Leaf mass ratio (LMR), stem mass ratio (SMR), root mass ratio (RMR), SLA (cm 2 g -1 ) and leaf area ratio (LAR, cm 2 g -1 ) were calculated.
Statistical analyses
For each morphological and physiological variable, data were analyzed by two-way ANOVA, with microsite and season as main fixed factors plus a microsite × season interaction term. Pearson correlation analyses were used to correlate leaf characteristics and PPF i .
Results
Seasonal changes in rainfall, air temperature and light environment
The highest monthly rainfall occurred in the wet season (from May to October) with the driest months being January and February, 2005 (when no rain fell, see Figure 1 ). Minimum air temperatures in the local area were about 8°C in January 2004 and February 2005, and maximum air temperatures frequently exceeded 30°C during the wet and dry seasons. On days with clear skies, PPF i in the shaded understory did not differ greatly among seasons. Plants in the large gap were subjected to large seasonal variations in PPF i , with the highest PPF i occurring in the wet season (10.04 mol m -2 day -1 ) (Figure 2 ).
Seasonal changes in photosynthetic characteristics and leaf nitrogen partitioning
In both the wet and dry seasons, small reductions occurred in the maximum photochemical efficiency of PSII (F v /F m ) at midday on clear days at all microsites, especially in seedlings grown in the large gap (Figure 3 ). However, F v /F m values in all seedlings recovered to values similar to those at predawn by the late afternoon. There were no significant diurnal changes in F v /F m in the cool season, although the F v /F m values of seedlings grown in the large gap were lower than in seedlings in the understory and small gap sites. Gas exchange parameters (A max , V cmax , J max , LSP, LCP, AQE and R d ) showed similar seasonal patterns, but differed in the degree of change among microhabitats (Table 1, Figure 4 ). Photosynthetic capacity (A max , V cmax and J max ) was highest in the wet season and lowest in the cool season in all microhabitats. In the understory, A max decreased 2-fold in the cool season and recovered during the dry season to the rate seen in the wet season. In seedlings growing in the large gap, A max decreased 3-fold in the cool season and only partially recovered during the dry season com-pared with rates measured in the wet season. Both R d and LSP decreased during the cool season, with greater reductions in seedlings growing in the large gap than in understory seedlings. Seedlings in the large gap exhibited higher V cmax and J max than seedlings in either the small gap or the understory during the wet season. The ratio of J max to V cmax increased in the cool season compared with the wet season (data not shown). There were significant interactions between site and season for the gas exchange parameters. Seedlings showed no significant seasonal differences in SLA (F = 8.79, P = 0.098), but there were significant differences in this variable among microsites (F = 2.23, P < 0.01). Leaf N concentration per unit area decreased significantly in the cool season compared with the wet season in seedlings in all microhabitats and increased again in the following dry season. The fraction of total N partitioned to Rubisco was highest in the wet season and in seedlings in the large gap. There were significant differences in the P b and P c between seasons and among microsites (Table 2) .
Relationships between leaf morphology, nitrogen, photosynthetic capacity and local irradiance
Nitrogen concentration and photosynthetic capacity (A max , 830 CAI, CHEN AND BONGERS TREE PHYSIOLOGY VOLUME 27, 2007 V cmax , J max ) were positively logarithmically related with PPF i , whereas SLA decreased with PPF i , especially at low PPFs ( Figure 5 ). Photosynthetic capacity was linearly related to N a ( Figure 6 ), but no significant relationship was found between SLA and photosynthetic capacity (all comparisons, P > 0.05). Leaf N partitioning between carboxylation (P c ) and bioenergetic components (P b ) were unrelated to PPF i (P > 0.05, Figure 7 ).
Seasonal changes in biomass allocation and growth
At the whole-plant level, seedlings grown in the large gap had the greatest total biomass at the end of the experimental period. Plants grown in the large gap allocated proportionally less biomass to leaves (LMR or LAR) and more to roots and stems (SMR, RMR) than those grown in the small gap. Seedlings grown in the small gap allocated less biomass to leaves and more to roots and stems compared with seedlings in the understory. In the dry season, RMR significantly increased and SMR significantly decreased in all seedlings, with the ex-ception of RMR of seedlings grown in the small gap (Figure 8 ).
Discussion
Seasonal oscillations in photosynthetic variables
The larger F v /F m observed in the understory seedlings compared with those grown in the large gap ( Figure 3) suggests that the shade-tolerant Z. attopensis seedlings may be more efficient at trapping light in the pigment bed of PSII (Maxwell and Johnson 2000) , enabling them to use light during the constant low-light periods in the forest understory. A low R d and LSP, as found in the understory seedlings (Table 2, Figure 4 ), may promote carbon fixation in the light-limited environment (Boardman 1977) . As predicted, photosynthetic capacity was highest in all seedlings during the wet season when environmental conditions (water, temperature and light) were closest to optimal and leaves were in peak physiological condition. The low photosynthetic capacity observed in the dry and cool seasons may be partially attributable to generally lower air temperatures and long periods of low solar irradiance, with water stress and intermittent high solar irradiance causing photoinhibition. The decrease in photosynthetic rate during the cool season was greater in seedlings growing in the large gap than in seedlings in the understory and small gap sites (Table 1, Figure 4) . This difference may be related to the greater decrease in solar irradiance at the large gap site compared with the other sites ( Figure 2 ). Most plants grow year round in the wet tropics, but are particularly vulnerable to low temperatures (Allen and Ort 2001) . Low air temperatures cause an imbalance between the light energy absorbed through photochemistry and the energy utilized through metabolism, thereby increasing the susceptibility of photosynthetic systems to photoinhibition (Greer 1990 , Huner et al. 1998 . Lower F v /F m values were observed in the cool season in plants grown in the large gap compared with those grown at the other sites, perhaps indicating thermal degradation of the D 1 protein in these plants (Öquist et al. 1992 ). Thus, photoinhibition at PSII could explain the decline in photosynthetic capacity seen in seedlings grown in the large gap. However, predawn F v /F m values remained close to the optimal value of 0.8 in all seasons (Figure 3) , indicating that there was no permanent damage to the PSII centers.
The decrease in photosynthetic capacity during the cool season is unlikely to be caused by low temperatures for the following reasons. In northern tropical regions, such as the study site at Xishuangbanna, chilling temperatures occur only at night; daytime temperatures are mild and favorable for photosynthesis. Moreover, during the cool and dry seasons in Xishuangbanna, there is heavy fog cover each day from midnight to midmorning of the following day. Fog may be beneficial to tropical seedlings by alleviating photoinhibition and photodamage because it reduces solar irradiance, and thus has a shade-like function in mitigating chilling-induced photoinhibition (Egerton et al. 2000) . The heavy fog cover may explain why there was no visible injury to these native tropical forest plants, although Hong and Li (2001) showed that low tempera-tures injured chilling-sensitive crops, such as coffee and cocoa, in the studied area.
During the dry season, large decreases were recorded in the maximum photosynthetic rate in leaves of seedlings grown in the large gap, whereas no significant changes were detected in shaded understory leaves (Table 1, Figure 4 ). This conflicts with the assumption that shade-adapted leaves are more sensitive to drought than light-adapted leaves Knapp 1986, Abrams and Mostoller 1995) . Water deficit, another factor that limits photosynthesis, probably had little effect on seedlings grown in the understory because A max and F v /F m did not decrease significantly in the dry season. In the dry season, the leaves are covered with water droplets from fog, and the local forest soil is continuously wet (Liu et al. 2004) . Fog may help ameliorate plant water stress by reducing transpiration or evaporation (Hutley et al. 1997) , and the seedlings, possessing a high fraction of shallow roots, may use a great proportion of shallow soil water from intercepted fog (Dawson 1998) . Fog may be the only source of water for seedlings when rain is sparse and deep soil water is unavailable in this forest during the dry season (Liu et al. 2005) . The presence of water in the surface layers of soil indicates that fog may be an important contributor to the growth and survival of understory species and seedlings during the dry season in the studied area (Liu et al. 2005) .
It is usually held that N concentration is higher in lightadapted leaves than in shade-adapted leaves (Evans 1989 , Ackerley 1992 . However, N concentration does not differ significantly between sun and shade leaves of the same species, indicating that the higher N concentration of light-adapted leaves is predominantly a function of decreased SLA (Björkman and Holmgren 1963, Ackerley 1992) . In our study, leaf N a in Z. attopensis plants did not differ significantly between leaves of plants grown in gaps and those of plants grown in the understory, but varied seasonally (Table 2 ). In the understory, greater amounts of N may be partitioned to lightharvesting systems, whereas in the gaps more N may be partitioned to Rubisco (high P c , Table 2 ), resulting in similar total N a values among sites (Evans 1989) . 832 CAI, CHEN AND BONGERS TREE PHYSIOLOGY VOLUME 27, 2007 Table 2 . Seasonal changes in specific leaf area (SLA), total leaf nitrogen concentration per unit area (N a ) and leaf nitrogen investments in carboxylation (P c ) and bioenergetics (P b ) for seedlings grown at three different microsites. Significance levels of ANOVAs testing for the effects of season, microsite and their one-way interaction (S×s) are listed for each variable. Each value is the mean of three replicate leaves with the SD appearing below. Abbreviations and symbols: U, understory; SG, small gap; LG, large gap; SD, standard deviation; ns = P > 0.05; * = P < 0.05; ** = P < 0.01; and *** = P < 0.001. We observed close positive logarithmic relationships between N a , photosynthetic capacity (A max , V cmax or J max ) and PPF i (Figures 5 and 6) , whereas positive linear relationships have been reported for a range of tree species (Le Roux et al. 1999a , 1999b 2002, Misson et al. 2006) . Optimization of N partitioning maximizes the daily CO 2 carbon gain of individual leaves (Hikosaka and Terashima 1995) . The ability to adjust allocation of total N to different pools of the photosynthetic machinery partly explains the different responses to shade and sea-sonal changes. It has been hypothesized that temperature adaptation involves adaptive responses to the allocation of N between electron transport and carboxylation systems that ensure that both sets of processes are co-limiting under ambient conditions (Hikosaka 1997) . We observed an increased ratio of J max to V cmax during the cool season, which is consistent with this hypothesis. However, other studies investigating acclimation to growth temperature have failed to find any evidence for this hypothesis (Medlyn et al. 2002 , Misson et al. 2006 ). Furthermore, we found that changes in P c or P b with PPF i were small (Figure 7) , indicating that the allocation of leaf N between Rubisco and bioenergetic systems was relatively unaffected by time integrated leaf irradiance. Similar results have been found in tree species (e.g., in four temperate deciduous tree species (Niinemets et al. 1998 ), walnut (Le Roux et al. 1999a , 1999b , Frak et al. 2002 and Pinus densiflora (Han et al. 2003) ). These contradictory results illustrate that the results of temperature acclimation studies are dependent on experimental conditions and the species studied (Le Roux et al. 1999a, Warren and Adams 2001) .
Variables
Growth
At the whole-plant level, biomass accumulation was greatest during the wet season in all seedlings (Figure 8 ), consistent with their high photosynthetic capacity during the wet season. Seedlings growing in the understory had higher LMR and lower RMR and SMR than seedlings growing in gaps, indicating that carbon allocation to the leaf, at the expense of stem and root systems, is an adaptive mechanism in light-limiting environments (Givnish 1988 , Lambers et al. 1998 , Paz 2003 . The LAR was higher in seedlings grown in the understory than in the gaps, in accordance with results of previous studies showing that plants grown at low irradiances typically produce leaves with higher leaf areas per unit mass than plants grown at high irradiances (Givnish 1988, Popma and Bongers 1991) . In the dry season, the observed increase in RMR in seedlings is a response to drought, allowing increased absorption of soil water and, thus, minimization of the water deficit (Paz 2003) .
In conclusion, Z. attopensis, a common local liana species in Xishuangbanna tropical rain forest, adapts to seasonal climatic changes in both understory and gap sites. Decreases in photosynthetic capacity during the cool season differed between seedlings grown in gaps and those in the understory and were responses to low-light conditions rather than to temperature. Seedlings showed adjustments of photosynthetic traits and biomass allocation during the dry season that should minimize drought stress and maintain net growth. Light appears to be the dominant factor in determining physiological changes in this species. Figure 8 . Seasonal changes in total biomass, leaf area ratio (LAR), and biomass allocation (leaf mass ratio (LMR), stem mass ratio (SMR) and root mass ratio (RMR)) of seedlings grown in the understory (᭹), in a small gap (᭝) and in a large gap (᭺). Different letters denote significant differences between seasons in the same microhabitat at P < 0.05. Each value is the mean ± SD of four to six replicate measurements.
